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BHBPARBOUNLIE MEJLIINLI 0 nx HCHBITA L

RBangninri rexo wayx CANOEIUROB M. H » KYTEIL v s,

Bquauumwr,n- MBI Wt Ty MHpeicr st
THIOM M A'uunt Anst Toukoro ) IMCABYCHNA B -
AYT WHpokoe npuscienne i HAPOTHOM XO3RicTHe 119
"Ole‘l('"lUI CAMHX pnmm»ﬁpznuux THHKO,’[H(‘ll('pl‘l“-l\
Marepanan
Bu6paunniume MEALIHIN 3hpexTiRNN npHMeIntor
CR npH npowsnoncrne CTRONTCABHLIX  SaTepiaaop n
acraaci Kax noxkazann HECACTOBANNS,  npon e (on
e CKB Munuicreperna TPOMBIIACIHIOCTI ¢ gy gy,
HuX Marepuanop CCCP w apy i apram LG,
TOHKO® uaMeantienie paciumpser BOAMOKIOCTI 1oy 10-
HHA BHCOKOKAYCCTRONNIIX RSN 11X 143 MECTIILIN cTpon
TeAbHhIX Man'pn.l.'mu (nmm HOOTICCKA, T e LN
OTDKNLIX OCTATKON | AP ). v foRaKe HORLG sy o
HOCTh CTPONTENRILIX feTa 701 Taxk, Hanpisien o
H3MCARYCH e Necha, m fHvIb v eMor 6 Rt oy Nt dy
ABTOXAABHLX ¢ raeii, nosmwaer jx HPOMIOCTL nope
CKOALKO pat ToukonIMesnucmte e ok W
MOTYT 3aMCHHTL HECMENT 1IPH NpoH3BOACT Ne e,
aoMon ua suGpomenblinitax HEMCHTA, UPHMOIBH Morao
AA7 HITOTOBACHHA Kene306eTommx e o
IAeT ero AKTHBHOCTH M ycKopsieT CPOKH  TBepICHIN
HTA

al Apodsnsmie 2010es

Puc 1

Cxema yYerpoiictaa aufparsonnaf AT INTHTI Y]

a—untean MO 15 1 ungeay M)y
&~ ynpyraw upymuunaa manecka
asirarcas 6

xopnve 2
1 — omapias gy
YAPITAT Cocammte i any g

Ao arop
P NI

O6wuit sua u YCTPOICTBO BUGPAIIONNO] MeSbHIIL
THna M200 nokasanit na pite 1 12 Ocnosutaagy [RAH)
Ml MEALHHILL ADATIOTCH  IULTHIAD e i Kopiye [/
bubpatop 2, ynpyras IPYXMUHHIN no.wecka 3 onop-
Han pama 4, snekTpoasirateds 5 u yipyias wypra 6,
coeannmowas paa1 muGparopa c LTERTPo it areacy
BMGpﬂTOp COCTOHT 13 amyx Hanpecosamuin o g ua
Bpyryio Tpy6, Mexay Kotopuisi WIPKY Py er  Bo1a,
OXN3XKNAIOWAR NOLWHIHIKI, 3 TahKe cMouTHpoBan-
Horo B noautuniukax aeGa.rancuoro RAIA. e TbHOrG
BHODBUHOHNOM MeIbHHIL M200 1.5 u paspesnaro 3
BHOPAUHOHHOR MeabHHILW M200-3 T1py Bpatuenu e

ﬁ;l.’l.’l"('llnl‘() haJsa BO3IHKMIOT KOJI(‘GaMHR Kopnyca
MEABIDIEL 10 3aMKnyTOR TPaeKTupkK ¢ yactorodi, (o
arnerciny ol ey ofioporos, 1. ¢ OoKoAo 25 oy
Y nGpauonnoil Meaninnge M200-1,5 u 50 4y menm.
s M208). 4,
busee nonne ohpasn BHOpOMeAMINLL 1g yerbipex
"PYXHAN nokman na pue, 3. B 3THX o6pa3suax o6
WENCHIN DaMa HMeeT I-o6pasuyio Gopmy, 6naronaps
MCNY DIKPLBACTeN cr0GoaNMR RocTyn K noGoMy mecry
KOPIYCa, 2 pam py wka MaTCPHOAG H3 MeAbHHUN cTano.
nurest Gonee yiaohuoii
Jlas noaywenns TaKHX TOHKOAHCNEpCHBIX MatcpRra-
Wl heropie Tpefiyiores g CPaBNnTeNbHO HeGoAbIHX
R TGN, coana BUOpMHOHHA S MeabHHua MI0
eMhacrin 0 da’, nokasanuag na PHC. 4. Texunyeckne
NARIRTCPICIHIGE BUOPANNONHBIX MeJabHiU, paszpaboran-
nae CKB MITCM CCCP, npusesenw s Taba. |
Tt o eapio, Th BHOPAUHOHHBIX MEAbLHHI, xO-
hieics HMpOKIK npeacaax s 3aBHCHMOCTH OT pe-
AUMA M L, csoficto H3MesbYaeMoro Mavepua.
[ L D [ NSNS FT oMo a
Bubpaunoniue MCIBHHLLE MOXKHO NIDHMEHATH Kak
AT CVNOI0, TAK N 29 MOKporo nomona. Tpu cyxom
owvte nauGoace  sdipekTisna CXeMa KoMmaexcHof
BIHOPONOMOABIOG VCTIHOBKH, noKa3saHuag Ha pue. 5.
Isvcanraespe Marepuasu sarpyxaores CABOEHMMA
apieMnuit Gynxep [ Aosatopamu 2 nogaorex B ag-
AQHNBIX COOTHOWEHNHAX B MeabHuLY 3 ¢ suyTpeHueR
eperopoakofi, Bennmmop BsbiCoKkoro Aaa.nenun4wepea
.

Puc 2 OGumA sua sUOpaunOmIon MeaLnuw M200
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ot 8 o Bogiposa 1 e I ABATURACTCY 1o
TOROML I NG, ot K TAcePikaTop.

Bopste coysaon, maaguiviep, #pi ovo e HeMenTa,
e 1C 000PA sHee PO HCAPEePL kI npotiece pa-
fong «na nposote oy covyoil kaaccnpuranun
Hipu ston e mmacsugii MUTCPHAT NOACTCH D 03I

PYCMBIN KO ICCTBAN W et apasinii 210K », npoi- -
PEMCPE A CLBIOBRY, BUSOSMT B BRIC FOIOGOFO IPOAYK- v
L0k PGB E TIOK B TPOTHBONOAMIKIOM e¢ KONUE® A
Tatanue } i
Trauuneckue SAPRKTCPUETHRI BROPRAINONNIX MEASNKRR 3
I ;
Motean E
lisuucionanne aaeadrcach - 4
M0 MNO1 4] M203 1
Ohrew kopuyca o da' ., 10 200 200 !
hactora koachanni o §owie o 3000 1 500 3000 b
Awnanryaas Kot Ganull o MM . 3 3 2 b
Puc 3 BuGpaunonnas smeammy tnna M2AN o, o 1épes AeGaaancnaf MOMCNT B K2CM 13 ]40_]15* 65 b
npyxunax (0aun orpaxacHne cnato) "Hee ucammux 104 n K22 :
CTAIRNUNY APOD HAH PO~ X
wren . ... . ... .| 3 740 740 k:
IPYOONPUBOL 7 A NeTacr BOYEYS BINVIPL G i dapdoponax mapon . . .| N 240 240 5
CIVBAT HACTHUHO JOMCTRICHIWI Mancpie . no1apim Mownncasn sexTpoann atean .8 14 2 k.
BRINOCHTCR 1A MIOBUPAHOCTH MCOMIMN 1¢ 1 1pa iy Tl (mm':":“'.':‘,( " (601 meroux :
KYJAAUHI BONPYT  Kopryca pubGpatopa JLaoce noeran W WAL« o v 185 700 720 P
BOIAYXA € COACPAKABMUMCH B HUM MATCPIA 10V aipoan- FaGapniuie patn pa n su: 3
ANT KABCCHOHKATOP 5, FAC TONKIC HACTHING 01A¢19 LALCE Cee 456070 90{,9” w')m
0TCS W 34TCM OCAKIAIONCH B K onE 6, 1] Oue 41 I'::::'::'I“l" ¢ wpennimon E
CTHUB M3 KAACCHPUKATOPA T sosnpatiate st 11 1ot BOWTANKOR) L . a e . 710 1360 1360 b
b oMeabinuy  Peryasposka ckopoctn s mciowe npo :
HIBOANTCA  APOCCEAnNOf acammei  laonas  npo e 3
e ¢ HABOAHTONLUOCTH  TAKOI Vi TAROBAH o el H ()(,lm KL MU BN TIOIBEPTANHCH LHTEABHLIM HClW- E
i M200-15 npu paBote Ha eyvov weapim a1 g THOBIM, B POl ¢ KOTOPHX HCCAELO0BANHCH CACAYIO-
3 HIBCTKOBO JICCHAaNBIX Ho 30RO TROBO IR TN s1a e AapavMeTpul ;o oBHble KOHCTPYKTHBHO-TCXIOAOMH- E
z CMECHX cocrananer 225 300 K0 npo e ooy e we g Kite oK siien (aMAAKTYA KoaeGaunf, novpe6- 4
E noseprxiten o 4 M0--4 500 /e no Tonapony  npn 3
; actarke na cnre 10000 oralea? ne Goaee 20 3%, Wergdnari E
E Ha pie 6 nonasam pyrofi sapitant  sostit e, o npodynm ¢ E
; BUODOUOMU ILHON V¢ TAHOBKH, TGO [CM,  4F0 | ‘ [ E
: M ——0}- 4
I 3TOM CAVHIE Yot THUHO HAMEIBUCININ HPOLYRT Iy b
CYBACEH U HOBCDVHOCTH WIBPOB, & BWOPICLBACTCH 11 a 5 - 4
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. Bubipnyuonnie sweae M 1 U o farus

JAseMAst MOINUOCTh, WIPKY LI W non 103, nBee
qeMenton K(HWUD)’I\IUI.I nwr II)I TN MO HICCKR A

IPPCRTUBNOCTH, T ¢ LIOCOBHUCTY BB ONIOT e
10U B3IMCSIL'LI Dd umoﬁpn sihie MATCGEIBE 1 pas
THAMLIN YCIOMBIN, T ORCIO T, HATCAOCTY, ) wh
CTBO b UILY i, 1CILTOnas HATEPHARCHIOCED, @ fan
KE PCMINTOCHOCOONOCTL KOMCTPYKILIE

B uactomuedt cratue nanaraionen HCKOTOPBIC Aaltibie
M0 NAFGOJCE CAOKILM PASTCTAM  NCIETAINE  MeAan
THIL == J0SL0UCIHUCIL 1 TeAHOT0IeCKA 3eK
noctt,

}oTawame o apyriy wammn, y KOTOPLIX HANPsixcen
HOCTT, Aeraneit ofunmn MoKer GWTe CHUKENA fnytcu
YUC HEICIE I\ Bi3Mepon, BOIMOKIIOCTh yBCARYCHIS Co-
HCHIHT 1 neca Acrancih BHOPAHONILIA MCABIHI orpa
rena 310 NPONCXOANT NOTOMY WTO BO3PACTANHE KO-
Aehaommuxes Mace TPeGYCT 3aThiarsl AONOAHNTEALIO]
SHCPIHH 1A NPHROA 0 CHIKACT  IPPCKTHBHOCTL  Ma
MHHLE ABamimpy s _O3MOXKIMe upIIsIG PA3PYIICIID
OCHORNLIX Y3108 M ACTANCH BUGPAIIOHNLIX MeABLINIL,
Cle @10 1 ACPBYIO 0MEPLAL ORIAATL ABACHIG yeTa-
TOCTH MOTATLAL B RODIYCAX MCAbBHNIL I llllﬁ[lﬂ’ll’]l LI 1}
o kAN suGparopa I NpYRUMAX yupyron 1oy
L0 RGT

Heromimkos s CTaM0CTIOrO paIpymicti anasior. y
O0LMIO tanbo1ce CHatne MeCTa MATEPNG 1D, CTATH 1
TCCKIL pacupeteteinmie no ero oGLeMy, Jnbn 1
ROHICHTPAIINE WANPSDRCUNIT,  OGYCAOBI HILIE  hap i
ACTANL, PEIKHMIE HCPEXOAAME COMPCHINT, Nonpes v
MIE HOBEDATOCTI, TEXHOMOTHUCCKIMIE B PN 1 HMIL U <
vasi Haneerno, wro nanpsokennst B oactat o
OHPCICACHNLIC ONWMIULIM IYTEM, MOFYT He (ol 1acoi
BATHCS ¢ POIVALTATAMY, NONYUCHUBLIMHK (P ¢ HCIMT
IR D VOTINIOCTH, TOK KaK NCCAC0BI M HAnpstKuin
NAPAKTEDITINVIOT BECh 00BLeM MeTA VI, & HURBTANNIS Ha
virddocs nanfodee cnaoe Mecro B MaIcpHade i
KOUCTPYRIUNE  3aBHCHMOCTL  MCKY  HANDSIKCHHCM
BTN 1 CPOKOM e ¢ymGl 1o paspytienns or
YETIOCTI B8 OOUICM BILTE BWPIDKACTCS VRABUCHICM

rac A aucan kAo 4o paspyuicis,

2 anpsgenie,

A - noctostnuit Koadphuunent,

M- MORAIATEAL CTOHCHN, XAPAKTEPHIYIOMKT yin
HAKRIONA KPUBOI ycTanocTH B Jorapudmn
ek KOUpAKRAaTax,

Bedeacrsne crenctnodl 3anncumocti MEXAY Banpsn-
KM 11 A0 IONCHHOCTLIO  HEGOILINOMY  HIMCHe IO
HAfESIACHEDE HEPEINO  COOTHETCTBYET BOChMA  3uaun-
L b anseneie oarosenocrs  Hanpusep, Kax
WU 1 P etoro 13 pie. 7 rpadnki yeraaocs
AL TPy XU, VMCHBItene nanpsixienns ua 4%

METLHINLAX, -~ HAPUKOBY 1 poIMKoOBBIN - 1O LUHANH-
ko, peccop, Goaton Kax nwano s 3rny PHCVHKOR,

N l

Uerodusrd
mamepugn

Poc 6 Cxema Kosnackaem niGponoMonunod yeranonkn Ne 2
CKbB

P amaiuinias uednneny A00, 2 xagcenbusarop I3 - wunaon
4 acntn g vopve man Gyukep 6 - gawtop 7 sackatog
A Guinkep  sienatopa

IIMCHCIBIC IO OBCHHOL T AeTaACH b HECKOIBh Py
ANWCTCH OGLAINLIM, UTO Jhe KACACTCS 1ipefesop pac
CUHBANIN, TO ol eute Gosee 3naunTeabisl TIpi cten
AOBHIX HCHBITANHAX RICOKOKAUCCTBCHHLIX  1APHKODBLIX
BOANNBIIKOS  O.010iF HAPTHH B KOAHYECTBE OKO.I0
30 mr cpox caymGu nanGosee ROATOBCYHOrO HOAMKA
HHKA, HONPHMED, OTMHMAACA OT CPOKa CAYXKOH Haume
nee poaropeunoro n 40 pas, Takum o6pazoMm, aan
NOCTOBCPHOTO UNPENENCHHSE CPOKa CAYXOW JeTancil
/o paapywienist oT YCTaJocTiH HeoGXOAHMO HCNLTATH
3HaUKTEIBlIOE Yilcno u6pasuon

Hanoxennule cooBpaxenns OTHOCSTCA K ACTAAAM.
HANpsiXEHHA B KOTOPHX B HanGosiee cAabGoOM HX MecTe
OpenuIaAoT HANpPSKENHA npesena BWHOCAHBOCTH,
TAKKE K MOAMIHIINKAM KAWCHHA, I KOTOPHX HanM-
4He npefesia BHINOCAHBOCTH BOOGUle He YCTaoBACHL
Onnako we creayer AyMarhb, NTO KONCTPYKUMIO, paGo-
TAIOULYIO BHC 30HB YCTAJNOCTHHX Paspyuennii (puc 10,
nutepsan IV), nocratowno ucnmrtath Ha outoM obpat
ue Kaxanfi ofpascly MawnL HMeet crOM BHANRITY

Puc 7 Kpunan ycraaoitn w Dittantiuy upymong

ke

e

b
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; VI BIUIBACT TGO WHKI0B 0 paspywennm 5 10 pas , . k
3 Ty nasaumnes npsiagnas nenuiranusy i YLTAIOCTH . 4
E HESMET ) CONVTUTBYET BECHMA SHAHITE ILHOC PACLel ‘z‘:’}";g =17 s ;
4 BatLie pesyasiaton  Jlam koauruec sucitioi aapakrepi- 1] 1-- {11 =-l— 3
; CHE 31010 andennst wa puc 8 # 9 npuseacuu Tim- 1ot - _I - E
3 NLIC WPILBC DCCeNBANNS HOKAIATEICN 10, 1FOReYIOC TH S AU N I - 4
4 HOROTODIIN ACTAICH, DPHMCIBICMBIX B BUGPAWIONHLI g A A A A 3
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Puc 8 Kpupan paccenpanmus 203ropediocTh Acrased,
Pa3py WANUIMXCH OT YCIan0CTH

a-- na, 6 . & -Goatu

atLiuie 0COGEHIOCTH, ONPCALANCMBC MHOTHMIE NPHYM
HaMi  KoJdeOauisiMi B KauecTse Actaseil b npeaenax,
AOIYCKAEMbIX TCXNHHUCCKHMI YCROBHAMH HA H3roTomnac
Hie, KOJACHANNAMI 3230P0OB B CONPAracMLIX NETaTHX B
PeIyIBTATC TOrO W HHOTO COMETANHN JIONYCKOB 1
3LOTOIICHE®, OTKIOHCHMSIMH OT UCPTCAKA NpH Hiro-
TapACIu, COOPKE H MONTANKe.

B HexoTopuix cayuasix Bce 3TH 0coGCHHOCTH cnocob-
CTBYIOT NOAYYEHHIO GAATONPHATHLX Pe3Y/NLTAaTOB HCAH-
Taunii, b HCKOTOPWX caydasx — naoGopor Flpu npo
geleHHI HCILITAUNG Ha oanoM ofpa3ile peiko  cun
KACTCS BEPOSTHOCTL BBHIABICHHA HCAOCTATKOR, KOTOPULC
Hew3Ge KRN0 NPOABATCA Ha rpymie oGpasnon  Kpowe
TOTO, SIBACHHAM H3HOCA TAKMKC CBUNCTBCHHO paccenna-
Hite, \OTH H He B CTOAb Goablmix npeaesax, ka< npi
PaIpylucii OT YCTAJAOCTH, HO BCC KE 3Namiiciwioe,
uepenko b 2—3 pasal.

Bie 3TH 06CTOATCABCTBA (UL YITCHBL TPI LOY LANILL
suOpatontbix Measiny Cpasunreasio Guicipue ma
ABICHHE M YCTPAHCHHC HCAOCTATROR  KOMCTPYKIL
a TaKXKe TeXHOJOTKIE HX H3roTOBICHIST OBl TOCTIry-
TH GAarQ;LAPS OPrAHM3AUNH HCHWIAME B HIMPOKK .
MACIITAGAN HA 3HAUHTEILHOM UHC1¢ 0Gpadton, npi
KON TPYHPOBARKE Kancioil cacaywuleii Moaeai npoy
ROTHANCH 12 OCHOBE PE3YIbTaTOB NCOLITAN'IN NPC 11
avuteit copi o6biugo 5 6 Mammn O6nice wo g
€run 0OPA3NOB, TIOCTPOCHKIX M HCAWMTAHALIX M T UL
I KOM LIBVX THHOB MAliiN, NOKa3anHnx Ha puc 2—4,
npestitaer 80 Bce ucnuiranus nosrosevnoctit vona-
ACAHOUTH NPOBOAHIHCE 1 YCJAOBHAX, OAHIKHX K +KC-
LAY ATAUHONHBIM

Hanexnocts o6pasos npOMBIUMICHIOR COpHN  sH
Gpaunonuuix Meabimng M200-1.5, T ¢ ux «nocobu 1o
patoTath MJHTEABIO K GeI0TKa3HN B yCAosHRX, Ooaee
TRMCILIN, YCM IKCIIYATAUHORUKWe, Oba TpoBCpPeila

'"P B Kyreas, My onura wenwranwh  gsnrareaef,
«Becrnnk matwnsocrpoennns Ne 10, 1952,

x
100

3N \
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asy 80
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o 3 60
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es 20 AN N
3.9

23% N

1q0 200 Joe wo

Yucno yunnof ngepymenun, mac

Puc 9 Kpusue pacceinanns 1) rcoeusoctit api
MCHWTANIAK Ha )CTAI0CTL ANCTOBBIX NPYMIH

a  obiyrux apovtm O — te ofiiyTun apobuo

CeiANbUBIMI HCAPCHBLIBIKIMI HenWTannaMK 4 a0,
1o 1a npotskennin | 000—1 200 yac.

B npouecce copepmencrnonanns  koHCTPYKuI
OCHOBHBIX ACTANCH BUGPAUROUNBIX MCabIMI CPOK HX
CAYKGH HEYKAOHNO BO3PAcTAd, i N0 Mepe 3aMelbl
ORIHX ONBTHLIX O6PA3NOD APYrHMH UHCAO WKIOB JIV
pa3apywettis aeraacii nepenpuranock Ha unrepnata /
8 unrepnan Il u, nakomen, v muvepsan IV xpunoit
YCTANOCTH, CXeMaTHuecKn H306paxcennoit ua puc. 10
Ecan B neppoii cepun onbiTHHIX 0Gpasuos BHGpAILION-
HLIX MCJILHHIL PA3pylIeHHR KOPTYCOB B 304iC MPHBAPKN
moxos 1tpousounmit nocse 10—30 uac. paGorwt, 1O yike
# caeayiomeR rpynne oGpa3nos B peayasbtate H3mcIC
nits (pOPMH JIIOKOB H YCTPAHEHHA KOHUEHTpaIuni 1a-
upaxennft HaGMOAANCA TOABKO OARH CAyuail BOIIHK-
nonenust Tpeutsubl nocyie 650 wac. paGorn. OGpaswid
KOpMycOB MNPOMBIIEHHOTO THMA paboTtaan  Goiey
6000 uac. (okono 10 umxnoB) Gea npuaHakop ycra-
JIOCTH.

Henuirauun cpapnoft KOHCTpyKUHH Kopmyca BHGpa-
Topa 1a Goanuoil rpyane MauniHH UeAHKOM NOATBCpLM-
JIH DLICKA3aLe nuitite coo6paKeHus O paccenusalunt
NOJIOMKIE KOPNycos BHGPATOPOB NEPBHIX OMBITHHIX 0Of-
pasion npoHcxoHan B npegenax or 25 no 500 wac
(r. ¢ paccennanue n 20 pas). Jaanuefiee ycopepuic:-
CTBOBANHC KOHCTPYKUHH € YCTPAHCHHEM CBApKH Kop-
nyca pnuGpaTopa NONHOCTLIO JHKBHAHPOBANAO ero Ino-
NONMKIL,

MMosovkl  cenapatopos NMOAUIHNHHKOB BRGparTopa,
HpOHCXOBUINC HA NepBHX o6pa3uax nocie HecKo/hb-
KX coTeH uacon paGorul, GLUIH YCTpPaHeHH 3aMcHoil
IAPUKOBHX 11 IMHNNHKOB CO CTaNbHLIM LITAMNOBAN-
HLM cenapaiopov Ha cepHYECKHe PONRKOBHE 01T
HHHIGKN C MACCHBHBIM cenmapaTopoM H3 aatyun OG6
pasonan 1 3a30p08 B UHJIHHADHYECKOM Pa3dbemiiom
Coe Ll Kopiyca BHGPaTopa ¢ KOPNYCOM MCAbIHIII
W paspyne aie coenHeHKR, NPOHCXOAKBILEe B HEPBLI
AOPABIIN, COACPUIEHIIO TIPEKPATHACCE € REPEXONOM 1A
AOHCTPYRIIO ¢ KolHHYecKoft 3aTAMKOR, nmpH KOTOpoii
1230PH B COCTHUCHIH OTCYTCTBYIOT. .5

XapakTepuuiM NPHMEPOM  PE3BHTHA  KOHCTpYRImN
1+ WMEeHTOR mlenuHomlux MeJIbHHL, ABJISKIOTCH ynpyru'-
wopul. B nepsux Monendix B KauecTse ynpyroit onopud
61 NPHMeEllcHBl 3aN0JHeHlibie Ta30M Pe3HHOBLIC a-
Pid. PacnosioXKeHlibie B ABA HAH TPH PRRA N0 BEPTHKAMN
noa auniieM Kopnyca MeabHuubl. OHH xopowo amop-
TH3HpOBAAH KoseGanis, HO B OGHUYHHX YCAOBHSIX IKc-
nayatauiu paGorann scero 30—S50 uac., flocie sero
%esuua npotHpanach H WApH TepRAH  ynpyrocth
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Bquauummue A ThHUYM 4 LX ucnBTaKus

—

yeranopaensl WHMMAPHUCcKie  npyxunul.  Konerpyk-
LA MOAYYHAACH CAOKHON, APYMHUNL GHAM HeaocTyn-
HBl OCMOTDPY M CMAJKC, KPOME TOTO, HCPCAKO BO3IHHKAJH
niepeKOCH NPYXINL NPH MONTAXKC, YTO COKPAUIANO CPOK
wx c1yKOW  He Oudo Takke focTyna K Anwmily Kop-
nyca.

BuGpaisnonnan  MeAbuNMa NPOMBILACHHORO  THOA
M200 cmoutnposana wa apyx psnax HeGOILUIHX Npy-
HHU, PACHOTKCHHLIX BAOABL Kopnyca (pHc. 2), upu
3TOM YCTPaHCH 1Y mepekoc, OMH AOCTYRHW AAR pery-
JAPHOrO OCMOTPA M CMAa3Ki; OTKPBIT AOCTYN K AHHULY
KOpny:a, B KOTOPOM PAchoJ0XCH BHFPy304HbIiT JOK
B 3mon moean nprvenci kaanaunue npyxuus an-
TOMCOM LY AnmiaTetedi, noasepracMmie  o6aynke
APONBLIO N5 NOBLINCHUSA YCTANOCTHOM MPOYHOCTH; Bb-
COKJIE KANPCTRO NPYKHHB B 3TOM cayiae coMCTaercs
C NHIKH ¢ CTIHMOCTBIO.

fiponeacunge n 1aGopatopiibix yeaoBHax AAHTENS-
HL HCRLIT S BHOPIIHOHHLIX MEABIRIL CO CTAABHBIMK
HLIPAMIH B (CPHOIHYCCKH 3AMCHAICMBIM CYXHM MECKOM
B Katecrse 62114012 NOKA3aAH yMepeHHBit H3HOC Kop
fycon ook prvosy, CHIDKCHHIO H3HOCA CHOCOGCTBY 1
BITCH UBULNE HAKACH BHYTPEHHCTT MOBOPVHOCTH KOj
Ayca B Pe3yiInbTare  BHICOKOYACTOTHOrO  RO3AEHCTHMA
Memonx Tear Muaanonu yaapos HeGoaAbmoil cHn
BOCHPHIMMACMBIX BIYTPCHNEN MONCPXHOCTBHY KOPNYt
YUAOTHTIOT €¢ H HCCOMHEHHO OKa3uualoT Mo KHTe.!
Hoe ce nansnMe Ha MexaHuyceckue cpoiersa  Oaae
TO HHTCPeCHOE ABCIIC NOKa He Hiyleno

B akcnayatanonux  yeaosHax fipH HETje PLibh
[OTA4C HIMC.IHYAEMOIO MATEPHAIA CACAYeT + A1
HOCKOThKD  GouIBIErO H3HOCA, “eM B JaGoparopit
yCIonisix  npH neprocutyeckoft 3amene Gaasac: 1

[pi noMoIe BUCOKOAOPAINBHLIX MATCPHAIOB, 14
MUMCD RRAPHCBIAX  TICCKOB,  BHYTPH  BHOPaIMoin «it
MU TBUHILE YCTAHABINBAIOICH CMCHHBLIC UUMTKY, npes-
APrsiONe TOPHB KOPNvea o H3HOCa W NoBbitlaouue
POk Clo ey KO

Fovu tonieckine HCNWTanis Kakaol HoBoit Moean
BUHODAIHONHOI MCALHIIL COCTOAT M3 ABYX OCHOBHBIX
3TANNR  PepBlil — onpeaeiene ONTHMANLHOTO PEXKH-
Ma IMCALUMCHNH, T € HauBbroaueiitieft aMmwanTy AW
ROTCOANIS KOPAVCA MCABINIUM, KOAWYECTBa 3arpyskac-
MOS AL IePHAIA B MOTIOUUIX Te, HX Pa3Mepa, suifiop
MEOTOTD HSMEIBLICHIS (MOKPOro HAN CYXOro, NepHoaH-
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UCCKOTO HJIK HeMmpepuiBHOro, «Ha NPOXOA» HAH B 3aMK-
HYTOM LHKIe, ¢ KAaccHbHKaumedl nan Ges iee), puiGop
cnocoba 3arpyIki # BHIPY3KH; BTOPOR — onpecseliie
NPOH3BOJMTEIBIOCTH M SUCPro3aTPAT IIPH H3Medbye-
HIH JLlaHHOro MaTepHana Bo 3a/1aliHoil  AHCRepcHOCTH
NPH KAXKIA0M HCCACAYeMOM PeXIHME

O6ueM TeXHOAOrHYCCKHX HCMBITAHHA OGWYHO BechMa
BOIHK, TaK KAK [/51 NOAYYeHHA JOCTOBEPHLIX A3HHHLIN
NPUXOAHTCA NPOBONHTL GoAbuwoe YHCO OnHTos Kpome
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] Materials of upt0 0,5 mmsize of grain are
: desintegrated to impalpable sizes (down
‘ “to 1/1000 mm) by means of porcelain
1 balls, which ‘start revolving separately .
' on account of the vibrations imparted to
the oscillating-mill.

Ultra Fine Grinding of Materials
down to 1/1000 mm.

Up to recently numerous materials resisted desintegration down to impalpable sizes even
in the best of grinding-machines avaslable This meant o check to the development in quolity
of the materials concerned and the final products made of these

In this respect the effectiveness of the VIBRATOM oscillating-mill (patented) means o
revolutionary improvement The desintegration 1s so thorough that the particles can no
longer be feit and cannot be sieved either It is. therefore possible now to improve the
materials ond the products made of them and to raise their qualty This means better
aleability !

The grinding process is not only highly effective but also very econom ca! Tre effectiveness
of fine-grinding processes attained hitherto has been raised to a multipte by the VIBRATOM
oscillating-mill fts advantages result from the particular features of construction explained
concisely in the right hand margin

The material to be ground generally should not be larger than 0 S mm (for certain materials
the size 1s not so critical) Grinding takes place dry or wet The contents of the grinding
vessel being mixed automatically. the uniformity of the resultant product 15 ensured

VIBRATOM oscillating-mills are used for the mechanical decomposition of raw materials
semi-manufactures and waste matter and for grinding pats lacquers qglazes quartz
powder, clay, ceramic cosmetic products talcum sufphar gypsum qraphite (halk rubber
saw dust, raw materials for white metal. stone- and brown coal dust drugs ang high quaity
foodstuffs of every nature The field of application is constantly widening Mixing processes
too can be carried out excellently by means of the VIBRATOM miil

VIBRATOM osciilating-mills are built 1n various sizes as shown on the reverse
Our research department 1s at your disposal for any grinding tests you moy wish to have

carried out on your materials We shall be pleased to receive your tnquiries for nur various
types of milis

N.V.TEMA . THE HAGUE (HOLLAND) - 1 Nassaulaan

' ¢ .

Declassified n

HOW DOES IT WORK?

The-VIBRATOM mill is used for
grinding a certain quantity at a
time. By means of a motor driven
(n = 1450/1000) unbalanced

. spindle the grinding-vessel is
set vibrating in -its suspension’

springs. As a result of this the
steel or porcelain grinding balls
(< abt 12 mm.) in the vessel start
beating on one another and
revolving separately and as @
whole, thereby describing fixed
curved trajectories, adjusted in
accordance with carefully com-
puted laws. The rapid beating.
but especially the high frictional

_ effect of every separate ball .

pulverise the material between

' every two balls in the most

efficacious way. . .

1B ATO M Oscillating-Mills
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Left hand top figure 6-liters mill with rotation gear

Right hand top figure small industrial mill or larger laborator,
type for 20 liters of grinding material (4 porcelain or steel con-
tainers of 5 liters each)

Left hand, second figure small industrial mill for 50 liters of
grinding material

Right hand, second figure large industrial mill with tuppu.
container for 250 Iiters of grinding material

Vibratom Oscillating-Mills for Laboratories,

with 2 porcelain or steel containers of 0.3 liters effective capacity each.

We especially recommend the laboratory oscitlating-mill of 0 6 hiters effective capacity
as shown on the right making it possible for every one to carry out any kind of
grinding-test desired The data obtained from tests with this mill are very valuable
thorough research having proved that they indicate with a 90 per cent’s certainty
what results may be expected when using any of our larger types of mills

Figure on the right - 0 6 liters osaillating-mill for laboratory purposes

5
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VIBRATORY GRINDING MILLS AND THEIR TESTING

S

(Translation of: M. Ya. Sapozhnikov and R.V. Kugel (Candidates of technical sciences).
Vibratsionnye mel' nitsy i ikh ispytaniya. Mekhanizatsiya Stroitel' stva (8):3-8, 19655)

Vibratory grinding mills are machines remarkably suitable for purposes of fine
grinding; they will certainly gain wide distribution in the nation's economy in all cases
where there is a demand for one or the other of the finely dispersed materials.

The two main fields in which vibratory grinding machines are used with success 3
are the manufacture of building materials and that of structural parts. Investigations
made at the S.K.B. ) plant of the Department for the Production of Building Materials
of the Union of Soviet Socialist Republics, as well as at other institutions, have shown
that fine grinding techniques open possibilities for manufacturing high-quality binding
materials from a great variety of local raw materials (such as lime, sand, slag, ashes,
hearth residues, etc.); these investigations have also demonstrated the increased strength

of structural parts made of finely ground materials. Thus, to cite a few examples, if E

sand used in manufacturing silicate antoclave parts is submitted to fine grinding, the V

8
7

4
E

mechanical strength of the pruduct is thereby increased several times; finely ground
sand and lime may be used as a substitute for cement in slate manufacture; additional
vibratory grinding of cement destined for reinforced concrete both increases its activ:
ity and accelerates hardening, ete.

The outside view and construction of vibratory grinding mill type M200 are

] shown in Figs. 1 and 2. The following are the main structural members of the ma-
chine: cylindrical body 1, vibrator 2, elastic suspension consisting of springs 3, sup-

porting frame 4, electric motor 5, and elastic sleeve 6 connecting the shaft of the

@Translator' s note. The meaning of this abbreviation is unknown to me. It seems
to indicate an institution for developing machines for the building industry.

el - A R ' -
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vibrator with the electric motor. The vibrator consists of 1) two pressed-on pipes be-
tween which circulates water that cools the bearings, and 2) an unbalanced shaft, rest-
ing on those those bearings and made either in one piece as in vibratory grinding mill

M200-1. 5, or in several pieces as in vibratory grinding mill M200-3. The rotation of

Fig. 1. Diagram of vibratory grirding mill.,
a = model M200-1.5. (Red mark) b = model M200-3; 1 = body; 2 = vibrator; 3 = eprings
of elastic suspension; 4 = supporting frame; 5 = electric motor; 6 = elastic coupling sleevs(.
(In the {llustration: red mark c = longitudinal section; red mark d = transverse section.)

the unbalanced shaft generates vibrations in
the body of the machine, vibrations that form
a closed trajectory curve and have a frequency
corresponding to the number of revolutions
per second, viz. a frequency of about 26 15°° " 7~
c/sec in vibratory grinding mill M200-1.5
and a frequency of 50 c/sec in model M200-3. 2 «- A (O
Fig. 2. General view of vibratory
grinding miil M200.
An example of more recent models
of vibratory mills, in which the body rests on four springs only, is shown in Fig. 3.
In these models the frame is lighter than in the former models and has a n-shkaped
plan which permits easy access to all parts of the body and, moreover, renders more

-

convenient the unloading of the machine.

TTranslator's note. In this and the following illustrations Russian letters and Russgian
captions within the illustration are marked by me in red on the photostat; their meaning
is then given in the translation.

N
b
B
1
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Vibratory grinding miil M10, shown in Fig. 4, has a working capacity of 10 dm®;
it has been devised for cases when relatively small amounts of a finely-dispersed ma-
s terial are required.

Table 1 gives the technical character- .'
istics of the various models of vibrating grind-

ing machines, developed at the S.K.B. plant of ]

the Departinent for the Production of I ilding

AR O

Materials of the Union of Soviet Socia’ st Re-

publics. Fig. 3. Vibrating grinding mill type 4
M200 resting on four springs. »’:

The efficiency of vibrating g1 nding mills (One part of the frame is re- E
moved.) i

varies within wide limits and depends i the mode

of the grinding procedure, the properties of the material and the desired degree of fineness 3

of the product.

- s

Fig. 4. Vibratory grinding mill M10, laboratory type. ;1

1 = body; 2 - unbalanced member of the vibrator; 3 = collars of the body support, in which 3
the latter can be tipped for unloading of the preduct; 4 = guard; 5 = elastic connecting sleeve; 1

6 - clectric motor; 7 = spring of the elastic support; 8 = frame; 9 = base; 10 = inlet and out-
let of cooling water.

Vibratory g1 inding machines can be used for both dry and wet grinding. Dry grind- E

mg 18 especially successfully effected with the “"compound” vibro-grinding equipment shown

e e e —— i —— -

i
3
K
.
3

uh dh ng —————l . - ) UL
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Table 1. Technical characteristics of vibratory grinding machines.

Models
Characteristics Mi10 M200-1.5 M200-3

Volume of body in dm? 10 200 200
Frequency, vibrations per min. 3000 1600 3000
Amplitude of vibrations in mm 308" 3 =o.u8 2 s-4®
Moment of unbalancein kg-cm 13 140-175 65
Weight of grinding bodies in kg: " . .

steel balls or rollers 36 - 30 740 o027 740 .

porcelain balls 11 240 240
Power of electric motor in kW 4.5 14 20
Total weight (without grinding bodies) in kg 185 700 720
Overall dimensions in mm:

length 1070 1980 1980

width 450 980 980

height (including wood base) 770 1360 1360

in Fig. 6. Materials destined for grinding are loaded into a double feeding bin 1 and,

after passing through batchers 2, they enter, now in the desired proportion, into the

Fig. 6. Diagram of the compound vi-
bro-grinding equipment No. 3
S.K.B.

1 = feeding bins (A and B); 2 = batcher
driven mechanically; 3 = vibratory
grinding mill type M200; 4 = high-pres-
sure fan; 5 = pneumatic separator; 6 =
cyclone with an intermediary bin and
oscillator; 7 = conduit system

In the illustration: red mark C = initi-
al material; red mark D = final product

grinding mill 3 which is separated by a parti-
tion into two compartments. High-pressure

fan 4 blows air through conduit 7 into the grind-

ing mill; here the air lifts up a mixture of more

or less finely ground material from the grinding

bodies as they appear on the surface of the charge

in the course of their circulation around the vibra-

tor. Then the air stream carrying the ground ma-
terial passes through a separatcr 5, where fine

grains are separated and finally deposited in the cyclone

6 while coarser grains leave separator 5 to return

to the mill for additional grinding. The stream

velocity in the system is regulated with the aid of

[

7
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a throttle vaive. With Mmaterials like dry quartz 8and, or mixtures of lime and sand or of

lime and limestone, the hourly output of such an equipment, using mill model M200-1.5,

i8 226-300 kg of product having a specific surface equal to 4, 000-4, 500 cm¥/g (measured

by Tovarov's method) and leaving a remainder not exceeding 2-5% on a gcreen with 10, 000

holes per cm?.

Another variation of a compound vibratory grinding equipment is shown in Fig. 6,

The material, after having been more or less finely ground, is not blown away f.om the

Fig. 6. Diagram of th

e compound vibro-grinding equipment No. 2 S.K.B.
1 = vibratory grinding mill typ

e M200; 2 = Separator; 3 = cyclone; 4 = fan; § = feeding bin;
6 = batcher; 7 = elevator; 8 = bin of the elevator. In the liustration; Red mark a = injti-

‘ al material; Red mark b = suspension of initial material in air; Red mark ¢ = coarse frac-
5 tion; Red mark d = fine fraction; Red mark e = fina] product; Red mark f = partial removal
] of air; Red mark g = additional air,

surface of the balls, as in the preceding case, but drops down into the air line where it

18 lifted up by the stream of air and transferred into the separator,

. : - -00809A000100140012-7
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In certain cases, as e.g. in additional grinding of cement, a continuous "creeping"
procedure with no pneumatic fractionation is found to be more convenient. Materials to be
ground are fed in proper proportions into the upper hole placed at one end of the machine and,
in the form of the final product at the lower hole placed at the opposite end.

All of the models of grinding mills were submitted to prolonged tests whose pur-
pose was to investigate the behavior of the following parameters: main structural and func-
tional characteristics (amplitude of vibrations, power required, circulation of grinding
bodies, weight of structural members, etc.), technological versatility of the vibratory
grinding unit as expressed by its capacity of grinding various materials under various
conditions, its span of life, dependability, convenience in handling and supervising, ther-
mal stresses, and readiness to undergo repair.

In the remaining sections of this paper some data will be given concerning the
most elaborate of the tests of grinding mills, viz. those of their life span and of their
functional characteristics, as defined above.

Unlike machines where stresses in single members can be reduced by increasing

the latter' s dimensions, vibratory grinding mills admit only very limited increases in
section areas and weights of its parts. This is due to the fact that every increase in the

masses of vibrating parts is accompanied by an increase in the required driving energy and,

consequently, by a decrease in the machine' s efficiency. In analysing the possible causes
of failure of the principal memhers and of other parts of a vibratory grinding mill, one
naturally thinks of the fatigue phenomena that must be accumulating in the machine’ 8 body,
in the vibrator, in the latter's bearings, and in the springs of the elastic suspension system.
As a rule, fatigue destructions of a given body are localized either in its weakest

points statistically distributed over the whole volume, or in zones of concentrated stresses

' Declas‘sified in Part - Sanitized Copy Approved for Release 2014/06/20 : CIA-RDP80-00809A000100140012-7 §
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attributable to the body' 8 shape, sudden variations of cross-section areas, surface injuries, - ‘i
and internal flaws. It should be borne in mind that experimental measurements of stresses :
w in a given mechanical part may not lead to results identical with those obtained from fatigue
tests, since stress measurements furnish data which characterize the whole volume of the
part examined whereas results of fatigue tests are related to the weakest point in the ma-
terial or in the structure. The dependence of the lifetime of a part, until its destruction
by fatigue, on the stress is expressed by the equation 3
N = (A/6)™
where N is the number of cycles until destruction, ¢~ is the stress, A is a constant co-
efficient, and m is an exponent measuring the slope of the fatigue curve drawn in logar
rithmic coordinates. :
Owing to the exponential nature of the above dependence of the lifetime on the ]
stresses, small stress changes will frequently produce congiderable changes in the life- -
time. An example is seen in the fatigue curve of valve springs shown in Pig. 7: toa 4%
decrease in stress there corresponds a 10-fold increase in the number of cycles until
destruction.
For these reasons, a characteristic feature of all fatigue tests is a conasiderable

dispersion of the results obtained. As a numerical illustration of this statement we give

Fig. 7. Fatigue curve of valve springs. Fig. 8. Dispersion curves of lifetime
Abscissas: number of cycles until destruc- characteristics of mechanical 3
tion; Ordinates: stress in % of the limit parts undergoing fatigue destruc- ]
stress. tion.

a = roller bearings; (Red mark) b = ball
bearings; (Red mark) ¢ = bolts; Abscissas:
lifetime in % of the average iifetime; Ordi-
nates: number of parts which remained un-
destroyed in % of the total number of parts 4
tested. . 3

-
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in Figs. 8 and 9 typical dispersion curves of the lifetime characteristics of gome mechani-
cal pleces used in vibratory grinding machines, viz. ball bearings, roller bearings, springs
and bolts. As seen from these examples, individual differences are great: lifetimes sever-
al times as long in some specimens as they are in other specimens represent the usual pic-
ture of the gituation; and if limits of the dispersion were considered, the differences would

be larger still. Thus, in a lot of about 30 high-

ks
R L

quality ball bearings examined with a testing ma-
chine, the longest lifetime was found to be 40
times as long as the shortest one. This shows

} that reliable determinations of lifetimes of mech-

Fig. 9. Dispersion curves of lifetime anical parts until fatigue destruction require tests
characteristics, plotted from

;! fatigue tests of flat springs. of a considerable number of specimens.
: a = springs having been submitted to
: the strengthening action of a stream The above considerations concern pieces

of small shot; (Red mark) b = springs
E that have not been so treated; Abscissas: in which stresses localized in their weakest
number of load cycles in thousands; Or-
E dinates: number of piecesg which remain- point exceed the limiting resistance value.
i ed undestroyed in % of the total number
4 of pieces tested. They also concern all bearings involving rolling

elements, for which no such limiting resistance values have yet been determined. How-

ever, given a structure working under conditions where fatigue destructions do not occur

(F'ig. 10, Zone 1V), it would be erroncous to presume that in such a case a test involving

one specimen only would be sufficient. Each specimen of a machine element has its own

individual peculiarities determined by a number of different causes: within accepted

limits, manufactured pieces of a given kind are necessarily different; fits between con-

e — et 22D

nected pieces are also different within prescribed 1imits; there occur deviations from

the blueprint both in the manufacture of the pieces and their assembly.

o

i
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All these peculiarities may so combine
as to furnish a favorable test result in one
case and an unfavorable one in another. Thus,
a gingle test involving one specimen only wiil

considerably lower the probability of finding
Fig. 10. Diagram of a fatigue curve.

L. zone of breaking due to cyclic over- defects which necessarily would have become
loading; 1. zone of early fatigue de-

structions; LI. Zone of fatigue destruc- obvious in tests with several specimens. Fur-
tions occuring after long periods of

work; IV. fatigue destructions do not thermore, it should be borne in mind that phe-
occur; Abscissas: number of cycles

until breaking; Ordinates: alternating nomena of wear also present a dispersion of
stresses.

individual results; although not as strong as

in fatigue phenomena, this dispersion is important, frequently showing two-fold and three-fold de{

vlations') .

All the above considerations were taken into account during the development of
our vibratory grinding machines. By organizing large scale testing programs, involving
considerable numbers of specimens, we were able to discover and to remove rather rapid-
ly the various defects of construction or of manufacture of parts. The design of any sub-
sequent model was based on results of tests performed on its predecessor, which was
represented by several specimens, usually 5 or 6 machines. More than 80 machines were
tested in this way before the two types illustrated in Figs. 2-4 were offered for distribu-
tﬁoﬂ. Life span measurements and reliability tests were carried out under conditions
approaching those of actual service.

Reliability is defined as the capacity of furnishing prolonged and regular work

under more severe conditions than those prevailing in actual service. In the case of our

B R.V. Kugel, Some knowledge gained from engine testing. Vestik Mashinostroeniya
no. 10, 1952,

——t
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type M200~1. 5, now offered for distributi_on, the reliability was determined in a special

series of continuous tests of 4 machines during 1000-1200 hours,

In the course of continunus improving of the construction of the principal mem-

bers forming our vibratory grinding mills, and in the process of substituting new models

of machines for older ones, we observed a continuous increase in the numbers of cycles
producing destruction of one or another of the Principal members; in fatigue curves simi-
lar to that shown diagrammatically in Fig. 10, those numbers of cycles until destruction
gradually changed their position, in the course of improvement, from zone II to zone I

- and finally to zone IV. Whereas in our first series of experimental specimens of vibra-
tory grinding machines destruction of machine bodies near the zone of welding of the

hole ﬂaﬁgea occured after 10-30 hours of work, in the second series of specimens, in
which an improved shape of holes has been adopted and concentrated stresses avoided,

{ only one case of fissuring was observed, and that one after 650 hours of work. As to
machines of the type offered for industrial use, their bodies, in specimens tested, worked

for over 6, 000 hours (i.e. about 10? cycles) with no signs of fatigue.

| e vt on e oy RS i

Conaicl‘exlationa concerning dispersion of results, which have been discussed
above, are well {llustrated by the results we obtained in testing vibrator bodies, of weld-
ed construction, belonging to a large series of experimental machines. In the first group
of machines studied breaking of vibrator bodies occured after working periods ranging
from 25 to 500 hours (i.e. with a 20-fold dispersion). Later on, after a new improved
A construction involving no welding had been introduced, no breaking of vibrator bodies
ever occured.

-4 In our first group of experimental machines bearing separators broke after
a few hundred hours of work; these accidents were entirely eliminated by replacing

stamped steel separators in ball bearings by thick brass separators in spherical roll-

-11 -
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er bearings. The formation of loose fits in detachable Ccylindrical connections between
the vibrator body and the grinding-r-zchine body, loose fits that led to the destruction
of the connections, frequently occured in the first group of machines tested; this defect
was definitely removed after the adoption of a conical press-on connection in which

i loose fits cannot form.

| Elastic supports of vibratory grinding mills furnish & typical exampie of changes

and transformations undergone by the siructural elements of these machines in the

AR

course of our developmental work. In the early models the role of elastic supports ‘E
was played by rubber balls filled with gas and arranged under the bottom of the machine
body in vertical groups of two or three balls. Although quite efficient in damping vibra-
tions, these rubber balls, after only 30-50 hours of service under the usual working
conditions, were worn out and devoid of elasticity. Accordingly, cylindrical springs
were adopted in subsequent models. The result, however, was not satisfactory: the

structure was cémplicated, the springs were not accessible for inspection and lubrication;

not unfrequently the springs were tilted in assembly, a circumstance that reduced their
. i life- span; moreover, the bottom of the machine body was entirely inaccessible.

The vibratory grinding machine type M200, now offered for industrial use,
rests on two rows of small springs arranged along the machine body (see Fig. 2). There

is no dlting in assembly; the springs are accessible to ingpection and lubrication; the

access to the machine bottom and, consequently, to the unloading holew open and
converiient. Springs used in this type of machine are the ;onventlonn.l valve springs of
automobile engines which, with a view to increasing their fatigue s ‘an've been
submitted to the action of a stream of small shot; these springs have the advantage of

1 combining high quality with low cost.

-12 -
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The wear of the body of our vibratory grinding machines ig moderate. We
verified this point in a series of prolonged tests of machines filled with steel beils and
a perfodically changed load of dry sand. It may be surmised that the resistance of the
body to wear is increased by the strengthening effect of the high frequency hammering
of the inner surface by the grinding bodies. No doubt, under the impact of millione of
low strength blows, the inner surface layers of the body's ;lmll become denser, a cir-
cumstance that certainly improves its mechanical properties. However, this interesting
phenomenon has not yet been investigated.

In actual service, with conunum;a feeding of the initigl material, the wear
of the body will probably be somewhat higher than in our laboratory experiments in
which, as said ahove, the sand loads were periodically replaced by fresh ones.

Where highly abrasive materials such a8 quartz sands are ground, it is
recommended that exchangeable shields be placed inside the vibratory mill body
§0 as to protect the body ends from wear and to Prolong their service.

We shall discuss now the second part of our testing program, viz. tests of
what we called above the machine's functional characteristics. For every new model
of vibratory grinding mill those tests compriged two main stages. The purpose of
the first stage was to establish the optimum "regime" of grinding, composed of such
characteristics as the optimum amplitude of vibration of the machine body, amount
of material loaded, quantity and size of grinding hodies, the most advantageous meth-
od of grinding (whether wet or dry, periodical or continuous, along a "creeping" tra-
Jectory or in closed cycle, with or without fractionation), and the most appropriate
way of loading and unloading. The second stage consisted of measurements of the

machine’ s efficiency and of the outside energy consumed in grinding a given material
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to a given degree of dispersion for each of the grinding regimes examined.

The volume of all these different tests of functional characteristics was usually

quite large, because reliable data can be obtained only at the Pprice of repeated experiment-

ing. Furthermore, the fact that materials destined for grinding are not identical should be

taken into consideration in experiments of that kind (thus, sands may be of different degrees

of humidity or of different degrees of dispersion, or they may differ in their clay content;

again, limes obtained from limestones of different quarries may differ in properties, etc.).

In a number of cases, tests must be multiplied because the particular industry which uses

a given material does not possess accurate data concerning optimum dispersion. This

situation is due to the fact that, until recently, possibilities of preparing various finely

dispersed materials were very limited, and no sufficient experience in their application

has yet accumulated.

As a result of these tests, curves have been plotted expressing the degree of

dispersion of a ground product as a function of the duration of the grinding procedure

(Fig. 1l and 12) or as a function of energy consumed (Fig. 13) for each given regime of

2
grinding ). A group of such curves, plotted for different Yegimes of grinding and for dif-

ferent materials, form the basis for appraising the functional worth of a given grinding

machine.

All that has been achieved during the relatively shat period of time of develop-

ing vibratory grinding mills should, of course, be considered as a first stage only in in-

troducing an entirely new method of fine grinding technology for the various materials

employed in the building industry We are now engaged in a long series of tests of new

models of vibratory grinding equipment of large dimensions. Simultaneously, a techno-

2)1t should be noted that curves of Figs. 11-13 illustrate the least efficient among the
grinding methods, viz. that of periodically worked loads.

?
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Fig. 11, Specific surface (0) and fractions remaining on screens Nos. 0060 and 0088
(Rgo and Rgy) as a function of the duration of grinding of quartz sand (from
Volsk quarries) in vibratory grinding machine M200-3,

Abscissas: duration of grinding in min. ; Ordinates 1) inner scale: specific surface

(according to Tovarov's methed) in cm?/g. 2) outer scale: fractions remaining on

screens Nos. 0088 and 0060 in . In the illustration: Red mark a = specific surface;

Red mark b = fractions remaining on screens, Rgoand Ryy; Red mark ¢ = Grinding

Characteristics: Load: steel balls 16-20 mm diameter - 740 kg quartz sand -- 75 kg;

power applied ---- 31 kW; amplitude ---- about 2 mm.

Fig. 12. Specific surface (0) and fractions re-
maining on screens Nos. 0060 and 0088 (R,
and Rgg) as a function of duration of grinding
of a mixture (consisting of lime, limestone
and gypsum) in vibratory grinding machine
M200-1.5. Abscissas: duration of grinding
in min; Ordinates: 1) inner scale: specific
surface (according to Tovarov's method) in
cmz/g. 2) outer scale: fractions remaining

on screens Nos. 0060 and 0088 in %. In the
illustration: Red mark a & gpecific surface;
Red mark b = fractions remaining on screen,
Rgy and Rgy; Red mark ¢ = Grinding Character-
istics: Load: steel balls 12-20 mm diameter
740 kg; mixture ---- 66 kg; power applied -~--
13 kW; amplitude ---- about 3 mm

- 15 ~
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Fig. 13. Specific surface (0) and frac-
tions remaining on screens Nos. 0088
and 0060 (Rgy and Rgg) as a function of
energy consumed in grinding quartz
sand (from Volsk quarries) in vibrating
grinding machine M200-3. Abscissas:
energy consumed, in kwh/t. Ordinates:
1) inner scale: specific surface (accord-
ing to Tovarov's method) in cm¥/g. 2)
outer scale: fractions remaining on
screens Nos. 0088 and 0060 in §. In

the illustration: Red mark a = specific
surface; Red mark b = fractions remain-
ing on screens, Rgpand Ryy; Red mark c=
Grinding Characteristics: Load: steel

halls 16-20 mm diameter -- 740 k%l‘i:u\%!m .

820 tuge’ 0 k8 power applied ---
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logical search is being done with a view to determining possible fields of application and
optimum ways of industrial utilization of vibratory grinding equipment. Together with

* the industrial experience already gained with vibratory mills of type M200 model 1955,
these new investigations will contribute to furthering the progress of the technology of

fine grinding and of applications d applications of finely ground products in industry.

3/27/56
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